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1991-7902/Copyrightª 2014, AssociatioAbstract Background/purpose: Periodontitis is an infectious inflammatory disease. Gingival
epithelium is the primary barrier against invasion of microorganisms and produces inflammatory
cytokines. Our previous studies showed that regulating the function on the gingival epithelium
was useful in suppressing the onset of periodontal disease.Houttuynia cordata is commonly used
in traditional orientalmedicine formulations and has been associatedwith a broad range of phar-
macological activities. To investigate the potential of H. cordata as a preventive medicine, we
examined the effect of H. cordata on the expression of inflammatory-related genes in human
gingival epithelial cells (HGECs) exposed to Aggregatibacter actinomycetemcomitans.
Materials and methods: Themessenger RNA (mRNA) levels of matrix metalloproteinase-3 (MMP-
3), interleukin (IL)-8, IL-6, and intercellular adhesion molecule-1 (ICAM-1) were determined by
real-time polymerase chain reaction.
Results: A. actinomycetemcomitans facilitated the mRNA expression of MMP-3, IL-8, IL-6, and
ICAM-1 in HGECs, whereas these mRNA levels were attenuated by the H. cordata treatment. In
addition, the extracellular signal-regulated kinase (ERK) signaling cascade, which was reported
to be involved in A. actinomycetemcomitans-induced increases in MMP-3, IL-8, or ICAM-1, was
disturbed by the H. cordata treatment in HGECs. Furthermore, H. cordata also inhibited the tu-
mor necrosis factor-a-induced enhancement in these genes in HGECs.pplied Life Science, Department of Periodontal Medicine, Institute of Biomedical & Health Sciences,
inami-ku, Hiroshima 734-8553, Japan.
ac.jp (T. Fujita).
3.004
n for Dental Sciences of the Republic of China. Published by Elsevier Taiwan LLC. All rights reserved.
Effect of Houttuynia cordata on gingival epithelial cells 89Conclusion: These results suggest that H. cordata suppresses the expression of inflammatory-
related genes in gingival epithelial cells by inhibiting the ERK signaling cascade. This might result
in the suppression of inflammatory response in gingival epithelium, thereby contributing to the
prevention of periodontitis.
Copyrightª 2014, Association for Dental Sciences of the Republic of China. Published by Elsevier
Taiwan LLC. All rights reserved.Introduction
Periodontitis is an inflammatory disease caused by coloni-
zation of the gingival sulcus by periodontopathogenic bac-
teria. Periodontitis causes teeth loss. In addition, it has
been established that periodontal disease is associated
with many systematic diseases, such as diabetes and car-
diovascular diseases. The incidence of periodontitis has
been shown to be high in both developing and developed
countries. Therefore, the development of a new preventive
medicine for periodontal disease that can be popularized
and easily mass produced is required.
The gingival epithelium, located at a strategically
important interface between the gingival sulcus and host
tissue, recognizes bacterial infection. The gingival epithe-
lium represents the first line of defense against a patho-
logical microbial challenge and plays a crucial role both as a
mechanical barrier against bacterial invasion and in the
innate immune response to infectious inflammation in
periodontal tissue.1,2 Aggregatibacter actino-
mycetemcomitans is a facultative Gram-negative anaerobic
coccobacillus that has the capacity to ferment a number of
sugars, including glucose and fructose, and is strongly
implicated as a causative agent in periodontitis.3 Previous
studies have identified numerous virulence factors from A.
actinomycetemcomitans, which affect the gingival epithe-
lium, triggering the onset of periodontitis. These virulent
factors are lipopolysaccharide, leukotoxin, cytolethal dis-
tending toxin, collagenase, and outer membrane protein.4,5
Therefore, to establish a promising preventive medicine for
periodontal disease, it is important to regulate the inter-
action between the gingival epithelium and A. actino-
mycetemcomitans. Based on this concept, we previously
reported that irsogladine maleate, an antigastric ulcer
agent, effectively prevented periodontitis by regulating the
expression of inflammatory-related genes in gingival
epithelial cells.6,7
Houttuynia cordata (dokudami in Japanese) is amedicinal
herb that is generally used as a traditional oriental medicine.
H. cordata has been associated with a broad range of phar-
macological activities, including antiviral,8,9 antileu-
kemic,10,11 antioxidative,12 antianaphylatic,13 and
anticancer effects.14,15 The 38 known compounds were
identified by comparing their physical and spectroscopic data
with those of corresponding authentic samples or literature
values.16 Quercitrin exhibits strong antioxidant activity by
scavenging reactive oxidative species. Cepharadione, nor-
cepharadione, and aristolactams have antiviral activities and
antityrosinase activities. Several studies have recently pro-
vided results to support and explain the particular anti-
inflammatory activities of H. cordata.17e20 Therefore, wehypothesized that H. cordata may regulate inflammatory
responses in the gingival epithelium, thereby contributing to
the prevention of periodontitis. Rhizoma coptidis and Gly-
cyrrhiza are also known to possess anti-inflammatory prop-
erties and are used as oriental medicines.20e23 In this study,
weexamined theeffectsof threeorientalmedicines, namely,
H. cordata, Rhizoma coptidis, and Glycyrrhiza, on the
expression of interleukin (IL)-8 in human gingival epithelial
cells (HGECs) stimulatedwithA.actinomycetemcomitansand
also investigated the anti-inflammatory effects of H. cordata
on the other inflammatory-related genes, IL-6, matrix
metalloproteinase-3 (MMP-3), and intercellular adhesion
molecule-1 (ICAM-1) in HGECs.
Materials and methods
Reagents and antibodies
H. cordata, Rhizoma coptidis, and Glycyrrhiza were sup-
plied by Wakunaga Pharm., Co., Ltd. (Osaka, Japan).
Humedia-KB2 medium was obtained from Kurabo (Osaka,
Japan). Todd Hewitt broth was obtained from BBL (Cock-
eysville, MD, USA). Yeast extract was from Difco Labora-
tories (Detroit, MI, USA). Tumor necrosis factor-a (TNF-a)
was purchased from R&D Systems (Minneapolis, MN, USA).
ISOGEN was from Wako Pure Chemical Industries (Osaka,
Japan). Rabbit antiphosphorylated extracellular signal-
regulated kinase (ERK) antibody and rabbit antitotal ERK
antibody were from Cell Signaling (Beverly, MA, USA). ECL
Prime Western blotting detection reagents were purchased
from Amersham (Piscataway, NJ, USA).
Culture of A. actinomycetemcomitans
A. actinomycetemcomitans Y4 was grown in Todd Hewitt
broth supplemented with 1% yeast extract at 37C for
2 days. After cultivation, whole cells were harvested by
centrifugation and washed three times in phosphate-
buffered saline (PBS, pH 7.4). Some of the washed A.
actinomycetemcomitans were suspended in Humedia-KB2
medium (pH 7.4) containing 10 mg/mL insulin, 5 mg/mL
transferrin, 10mM 2-mercaptoethanol, 10mM 2-
aminoethanol, and 10 nM sodium selenite.
Preparation of H. cordata, Rhizoma coptidis, and
Glycyrrhiza
Dried H. cordata, Rhizoma coptidis, andGlycyrrhiza (powder
form)werepurifiedanddissolved inPBSandfiltered througha
0.20-mm filter. They are diluted with Humedia-KB2 medium.
Figure 1 Effect of Houttuynia cordata on the viability of
human gingival epithelial cells (HGECs). Confluent HGECs were
treated with H. cordata at the indicated concentrations for
24 hours. Cell viability was quantified with the MTS assay.
Values are means  standard deviation for three wells. There is
no significant difference (t test). OD Z optical density.
90 M.A. Kabir et alPreparation of cells
Healthy gingival tissues, which had been surgically
dissected through the process of wisdom tooth extraction
and were to be discarded, were collected with patients’
informed consent according to a protocol approved by
ethical authorities at Hiroshima University (No. D47-1).
HGECs were isolated from healthy gingiva from three
different volunteers with minor modifications as previously
described.6 In brief, gingival tissues were treated with
dispase overnight at 4C and then divided into the epithe-
lium and connective tissue. The epithelium was treated
with 0.025% trypsin and 0.01% EDTA for 15 minutes, minced,
and treated with a trypsin inhibitor. The suspension of
HGECs was centrifuged at 120g for 5 minutes, and the pellet
was suspended in Humedia-KB2 medium containing 10 mg/
mL insulin, 5 mg/mL transferrin, 10mM 2-mercaptoethanol,
10mM 2-aminoethanol, 10mM sodium selenite, 50 mg/mL
bovine pituitary extract, 100 units/mL penicillin, and
100 mg/mL streptomycin (medium A). Cells were seeded in
60-mm plastic tissue culture plates coated with type I
collagen, and incubated in 5% CO2/95% air at 37
C. When
cells reached subconfluence, they were harvested and
subcultured. HGECs in cultures at the fourth passage were
used in the following experiments.
MTS cytotoxicity assay
The 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay was performed
using the Cell Titer 96 One Solution Cell Proliferation Assay kit
(Promega, Madison, WI, USA). HGECs were seeded in 96-well
microtiter plates coated with type I collagen, and maintained
in 100 mL of medium A. Confluent HGECs were treated with
H. cordata at 0.05, 0.5, 5, and 50 mg/mL in Humedia-KB2 me-
dium containing 10 mg/mL insulin, 5 mg/mL transferrin, 10mM
2-mercaptoethanol, 10mM 2-aminoethanol, 10mM sodium sele-
nite, 100 units/mL penicillin, and 100 mg/mL streptomycin
(medium B), and were then incubated at 37C, 5% CO2/95%
air for 24 hours. A total of 10 mL of Cell Titer 96 Aqueous OneTable 1 Primers for real-time PCR used in this study.
IL-8
Sense: 50-ATG ACT TCC AAG CTG GCC GTG GCT-30
Antisense: 50-TCT CAG CCC TCT TCA AAA ACT TCT C-30
ICAM-1
Sense: 50-TTGGAAGCCTCATCCG-30
Antisense: 50-CAATGTTGCGAGACCC-30
IL-6
Sense: 50-ATGAACTCCTTCTCCACAAGCGC-30
Antisense: 50-GAAGAGCCCTCAGGCTGGACTG-30
MMP-3
Sense: 50-ATTCCATGGAGCCAGGCTTTC-30
Antisense: 50-CATTTGGGTCAAACTCCAACTGTG-30
GAPDH
Sense: 50-AAC GTG TCA GTG GTG GAC CTG-30
Antisense: 50-AGT GGG TGT CGC TGT TGA AGT-30
GAPDH Z glyceraldehyde 3-phosphate dehydrogenase; ICAM-
1 Z intercellular adhesion molecule-1; IL Z interleukin; MMP-
3 Z metalloproteinase-3; PCR Z polymerase chain reaction.Solution Reagent was added to the culture at the end of incu-
bation period. After 2 hours of incubation, absorbance was
measured using a reference wavelength of 490 nm.
RNA preparation
HGECs were seeded at a density of 4  104 cells/35-mm
plastic tissue culture plates coated with type I collagen,Figure 2 Effect of Houttuynia cordata, Rhizoma coptidis,
and Glycyrrhiza on the messenger RNA (mRNA) expression of
interleukin-8 (IL-8) in human gingival epithelial cells exposed
to heat-killed Aggregatibacter actinomycetemcomitans. The
mRNA levels were analyzed by reverse transcription polymer-
ase chain reaction (RT-PCR). The bands are representative of
three independent experiments. GAPDH Z glyceraldehyde 3-
phosphate dehydrogenase.
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were pretreated with H. cordata, Rhizoma coptidis, and
Glycyrrhiza for 1 hour, and were then exposed to heat-
killed A. actinomycetemcomitans Y4 (1  108 cells/mL) or
TNF-a (50 ng/mL) for 12 hours before the end of incubation
in 2 mL of medium B. Total RNA was extracted using ISOGEN
and quantified by spectrometry at 260 and 280 nm.
Real-time polymerase chain reaction
First-standard complementary DNA synthesis was per-
formed with 1 mg of total RNA extract in a total volume of
20 mL (Roche, Tokyo, Japan). Real-time polymerase chain
reaction (RT-PCR) was performed with a LightCycler system
using SYBER green (Roche). The sense and antisense
primers for human IL-8, MMP-3, IL-6, ICAM-1, and glycer-
aldehyde 3-phosphate dehydrogenase messenger RNA
(mRNA) are listed in Table 1.
Immunoblotting
To analyze the phosphorylation of ERK, confluent HGECs
were pretreated with H. cordata for 1 hour, and were then
exposed to heat-killed A. actinomycetemcomitans Y4
(1  108 cells/mL) for 30 minutes before the end of incu-
bation in medium B (2 mL). Cells were lysed in 200 mL of
sodium dodecyl sulfate (SDS) sample buffer (62.5mM
TriseHCl, 2% SDS, 10% glycerol, 50mM dithiothreitol, andFigure 3 Effect of Houttuynia cordata (HC) on the messen
metalloproteinase-3 (MMP-3), and IL-6 in human gingival epit
mycetemcomitans (Aa). The mRNA levels were analyzed by real-tim
were performed and similar results were obtained. Values are me
** Significantly different (t test, P < 0.01). GAPDHZ glyceraldehyd
molecule-1.0.01% bromophenol blue). Samples were resolved on a 10%
SDSepolyacrylamide gel by electrophoresis under nonre-
ducing conditions and electrophoretically transferred onto
membranes (Bio-Rad Laboratories, Hercules, CA, USA). The
membranes were blocked with 5% nonfat dried milk for
1 hour and then treated with the rabbit antiphosphorylated
ERK antibody or rabbit antitotal ERK antibody overnight.
The membranes were then incubated with horseradish
peroxidase-conjugated sheep antirabbit immunoglobulin G
in TriseHCl buffer saline (20mM TriseHCl, 0.15M NaCl, pH
7.6) for 1 hour at room temperature. Immunodetection was
performed according to the manual supplied with the ECL
Prime Western blotting detection reagents.
Statistical analysis
Comparisons between groups were analyzed with the Stu-
dent t test.Results
To determine the toxicity of H. cordata, the MTS assay was
performed. HGECs were incubated with H. cordata at 0.05,
0.5, 5, and 50 mg/mL for 24 hours. MTS assay revealed that
all tested concentrations of H. cordata had little effect on
the viability of HGECs (Fig. 1).ger RNA (mRNA) expression of interleukin-8 (IL-8), matrix
helial cells exposed to heat-killed Aggregatibacter actino-
e polymerase chain reaction. Three independent experiments
ans  standard deviation for three wells in one experiment.
e 3-phosphate dehydrogenase; ICAM-1Z intercellular adhesion
Figure 4 Effect of Houttuynia cordata (HC) on the Aggre-
gatibacter actinomycetemcomitans (Aa)-induced phosphory-
lation of extracellular signal-regulated kinase (ERK) in human
gingival epithelial cells. Total ERK and phosphor-ERK were
analyzed by Western blotting. The bands are representative of
three independent experiments.
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enhanced the mRNA expression of IL-8. Fig. 2 shows that
pretreatment with H. cordata at 0.5 and 5 mg/mL inhibited
the A. actinomycetemcomitans-induced increase in IL-8,
whereas pretreatments with Rhizoma coptidis at 10 mg/
mL and Glycyrrhiza at 0.5 and 5 mg/mL did not inhibit the
IL-8 increase. In addition, Rhizoma coptidis at 1e100 mg/mL
did not increase IL-8 mRNA in HGECs (data not shown).
Furthermore, real-time-PCR indicated that H. cordata atFigure 5 Effect ofHouttuynia cordata on themessenger RNA (mRN
(MMP-3), and IL-6 in human gingival epithelial cells exposed to tumo
real-time polymerase chain reaction. Three independent experimen
means standard deviation for threewells in one experiment. ** Sign
phosphate dehydrogenase; ICAM-1Z intercellular adhesion molecu0.5 and 5 mg/mL inhibited the A. actinomycetemcomitans-
induced increase in the expressions of inflammatory-
related genes, IL-8, IL-6, ICAM-1, and MMP-3 in HGECs
(Fig. 3).
To explore the molecular mechanism of the suppressive
effect of H. cordata, we assessed whether H. cordata
regulated the phosphorylation of ERK because our previous
study showed that an ERK inhibitor blocked A. actino-
mycetemcomitans-induced mRNA expression of IL-8, ICAM-
1, and MMP-3 in HGECs.6,7 Interestingly, H. cordata abro-
gated the ERK phosphorylation induced by A. actino-
mycetemcomitans in HGECs (Fig. 4).
Furthermore, we examined the effect of H. cordata in
TNF-a-stimulated HGECs. Because H. cordata at 0.5 mg/mL
inhibited the A. actinomycetemcomitans-induced increase
in the inflammatory-related genes, we also conducted the
experiments with the same concentration of H. cordata in
TNF-a-stimulated HGECs. H. cordata at 0.5 mg/mL also
suppressed the TNF-a-induced increase in IL-8, ICAM-1, IL-
6, and MMP-3 at the mRNA level in HGECs (Fig. 5).Discussion
In this study, we demonstrated that H. cordata suppressed
the A. actinomycetemcomitans-induced increase in severalA) expression of interleukin-8 (IL-8),matrixmetalloproteinase-3
r necrosis factor-a (TNF-a). The mRNA levels were analyzed by
ts were performed and similar results were obtained. Values are
ificantly different (t test, P< 0.01). GAPDHZ glyceraldehyde 3-
le-1.
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MMP-3 in HGECs, suggesting that H. cordata suppresses the
inflammatory response of the gingival epithelium induced
by A. actinomycetemcomitans. Previous studies have shown
that H. cordata exhibits anti-inflammatory activities. In
activated macrophages, H. cordata inhibited the produc-
tion of nitric oxide, TNF-a, and cyclooxygenases (COX-
2).17,18,20 In addition, H. cordata inhibited mouse ear
edema and mouse paw edema,18 and suppressed inflam-
mation in rat pleurisy models and rapid pulmonary
fibrosis.19,24 These findings may support our hypothesis that
H. cordata has an anti-inflammatory effect on periodontal
pathogen-induced gingival inflammation.
In this study, H. cordata inhibited the increase in IL-8 and
ICAM-1 at the mRNA level in A. actinomycetemcomitans-
stimulated HGECs. Thus, we showed that H. cordata down-
regulated the factors involved in the migration of inflam-
matory cells. IL-8 is a potent activator for neutrophil
accumulation at the inflammatory site.25 IL-8 has been
demonstrated to be present in diseased human periodontal
tissues,26e28 and its levels in both gingival tissue and gingival
crevicular fluid have been correlated with disease
severity.29 In addition, previous reports demonstrated that
periodontopathogenic bacteria increased the expression of
IL-8 or cytokine-induced neutrophil chemoattractant-2a in
gingival epithelial cells in vivo and in vitro.28,30 By contrast,
ICAMs are immunoglobulin-like membrane glycoproteins
that mediate cellecell interactions under inflammatory
conditions. ICAM-1 is the ligand for lymphocyte function-
associated antigen-1 or macrophage adhesion ligand (Mac)-
1 expressed on leukocytes, and is widely distributed on
leukocytes, endothelial cells, fibroblasts, and epithelial
cells.31 In the human gingival epithelium, ICAM-1 expression
is restricted to the junctional and sulcular epithelium in
periodontally diseased tissue,32,33 forming a gradient with
the highest ICAM-1 level on epithelial cells facing the tooth
surface. This gradient is thought to play an important role in
directing the migration of leukocytes toward the sulcular
space.34 Graves et al suggested that the development of
periodontal diseases is related to the progression of in-
flammatory cell infiltration into periodontal tissues.35
Although there is still an argument from host protection to
tissue destruction for the inhibition of immune cell migra-
tion and activation, the abrogation of leukocyte migration
activity represents a candidate therapeutic strategy for in-
flammatory disease in gingival tissue.
In this study, H. cordata inhibited the A. actino-
mycetemcomitans-induced increase in MMP-3 and IL-6 at the
mRNA level in HGECs. IL-6 and MMP-3 are known to be
increased in gingival inflammation.36,37 IL-6 plays an impor-
tant role in regulating the immune response to periodontal
pathogens and is responsible for the differentiation of acti-
vated B cells into immunoglobulin-secreting plasma cells.38
The differentiation of activated B cells into
immunoglobulin-secreting plasma cells is still being dis-
cussed controversially from host protection to tissue
destruction.39 In addition, IL-6 is capable of promoting the
bone resorption.40 IL-6, which exerts both pro- and anti-
inflammatory effect, is a pleiotropic cytokine with strong
influences on inflammatory responses and a major effector
of the acute phase reaction. IL-6 is already reported to be
involved in the pathology of periodontal disease.41Therefore, its excessive production may cause the progres-
sion of periodontal tissues. MMP-3 has been shown to digest
extracellular connective tissue as a major collagenase, and
also activates gelatinases (MMP-2, MMP-9).42 Therefore, the
downregulation of IL-6 and MMP-3 expression by H. cordata
may be strong evidence for H. cordata having an anti-
inflammatory effect in gingival inflammation.
In addition to A. actinomycetemcomitans-stimulated
HGECs, H. cordata downregulated the increase in
inflammatory-related genes in TNF-a-stimulated HGECs.
These results suggest that H. cordata does not act on a
particular receptor of virulence factors from A. actino-
mycetemcomitans, but may regulate postreceptor event or
intracellular signaling.
In previous studies, an ERK inhibitor inhibited the A.
actinomycetemcomitans-induced increase in the expres-
sion of IL-8, MMP-3, and ICAM-1.6 Therefore, the ERK
cascade has been suggested to be involved in the regulation
of these inflammatory-related genes. In this study, H. cor-
data suppressed the ERK phosphorylation induced by A.
actinomycetemcomitans in HGECs. These results imply that
H. cordata regulates the expression of inflammatory-
related genes upstream of the ERK pathway.
The results of this study suggest that H. cordata suppress
the expression of inflammatory-related genes in gingival
epithelial cells. Further reports including the animal studies
might prove H. cordata is a promising preventive remedy
for periodontal inflammation.
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